To examine whether dietary manipulation of isoenergic diets might affect microvillar structure of small intestinal epithelial cells, morphological parameters of enterocytes and microvilli in the mid-villus portion of jejunum were determined in the rats fed either high-starch (70 energy%), low-fat (7 energy%) diet or high-fat. (73 energy%), low starch (5 energy%) diet for 7 days. Feeding the high-fat diet produced an increase in the height of villus, in accordance with the elevated jejunal mucosal weight and total protein contents as compared with the high starch diet. No appreciable change in crypt depth occurred. Scanning electron microscopy of jejunal epithelial cells revealed that the morpho metrical parameters of the villus cells were unchanged by the diets, but the microvillar structure of each villus cell was influenced by the diets; the animals fed the high-fat diet exhibited a reduced length (28%) of micro villus with a slight increase (12%) in diameter, showing a significantly reduced surface area of microvilli per enterocyte. The reduction in microvillar surface area of animals fed the high-fat diet was accompanied by the decrease in total proteins of the brush border membranes as well as the decrease in the activities of microvillar stalked disaccharidases, i.e., sucrase-isomaltase and lactase. These results provide an evidence that dietary manipulation, even when diets are "complete" in terms of the content of energy, protein, and other micronutrients, can modify the microvillar structure of small intestinal epithelial cells, leading to altera tions in the digestive/absorptive surface area of villus cells.
rate, e.g., 11.5h (2), indicating a continuous remodeling of microvillar constitu ents. The activities of disaccharidases are subjected to changes in response to dietary manipulations (3). In addition to carbohydrate as a major determinant of disaccharidase activities, we have demonstrated that the intake of protein (4) and fat (5, 6) can modulate disaccharidase activities in the small intestinal microvilli of rats. Unlike carbohydrates, effects of high-protein diet and high-fat diet seemed to involve the alterations of some luminal factors affecting degradation of microvillar glycoproteins, i.e., pancreatic proteinases (4) and bile acids (6).
Only scant information is available regarding the change in structure of small intestinal microvilli in various nutritional status. Starvation has been reported to cause a decrease in cell surface area with thinner microvilli on its surface (7). However, it is unclear whether dietary manipulations of isoenergic diets can produce a modification of structure of intestinal villi, enterocytes or microvilli. Therefore, we considered it pertinent to explore if the diet-related changes in microvillar disaccharidase activities are accompanied by an alteration of micro villus structure. In the present study, we demonstrate an evidence using a scanning electron microscope that feeding high-fat diet reduces the length and the surface area of microvillus without change in enterocyte morphometrical parameters.
MATERIALS AND METHODS
Animals and diet. Male rats (6 weeks old) of Sprague-Dawley strain (Japan SLC, Hamamatsu) were housed individually in metal hanging cages and were given free access to a standard laboratory diet (MF, Oriental Yeast Co., Tokyo). At 7 weeks of age, the animals were given free access to isoenergic diets, i.e., either high-starch/low-fat diet (corn starch 70 and corn oil 7% of gross energy) or high-fat/low-starch diet (corn starch 5 and corn oil 73% of gross energy) for 7 days (8). The rats were given free access to water. The rats were killed by decapitation between 10:00 and 11:00 in order to standardize for the known circadian rhythm of intestinal disaccharidase activities (9, 10). The experimental procedures used in the present study met the guidelines of the animal usage committee of the Univer sity of Shizuoka.
Preparation of intestinal samples. The entire small intestine was removed and the duodenum extending from the pylorus to the ligament of Treitz was discarded. The jejunoileum was divided into three segments of equal length. A 1-cm segment of the middle portion of the proximal third of jejunoileum, i.e., at 15cm distal to the ligament of Treitz, was used for the morphometric examinations of villus and microvillus. The mucosa was scraped from the proximal two-thirds of jejunoileum with a glass microscope slide. Intestinal mucosa was weighed and taken for brush border preparation. The brush borders were prepared according to the method of Kessler et al. (11) .
Morphometric examination of villus and microvillus structure. 
RESULTS

AND DISCUSSION
Effects of high-starch and high fat diets on jejunal morphology The food intake and the weight gain of the two dietary groups did not differ (Table 1) . However, the animals fed the high-fat diet showed an elevated mucosal weight and an increased total proteins in the jejunal segment as compared with those fed the high-starch diet (Table 1) . To examine whether villus structure was changed by these dietary manipulations, a jejunal segment at 15cm distal to the ligament of Treitz was subjected to morphological measurements of villus and crypts. As shown in Fig. 1 , the height of intestinal wall was greater in the rats fed the high-fat diet compared with that of rats fed the high-starch diet. Morphometri cal analysis showed that the elevation of the height of intestinal wall was caused by the increase in the height of villus; no significant modification in crypt depth was observed (Table 1) . Thus, feeding high-fat diet produced a thicker villus, leading to increase in the amount of mucosal weight in jejunum. This result was in concert with the previous study (15) which showed that the change of the diet from high-starch to high-fat caused an increase in the height of jejunal wall. the alterations of these disaccharidase activities in jejunal mucosal homogenates (8, 10, 15). By contrast, trehalase activity in the brush borders was unaffected by the dietary manipulation, confirming the previous reports on the trehalase activity in the mucosal homogenate (10, 16). We consider that the major factor involved in the elevation of sucrase, isomaltase, and lactase activities in the rats fed the high-starch diet might be dietary carbohydrates, which have been shown to stimu late the rate of synthesis of both sucrase-isomaltase (17) (18) (19) and lactase (19) in rat jejunum. However, the diet-related alteration of sucrase activity did not parallel that of isomaltase activity; sucrase to isomaltase activity ratio was significantly reduced (by 45%, p<0.001) in the rats fed high-fat diet as compared with those fed the high-starch diet (Table 2) . Because sucrase-isomaltase is known to be coded in a single gene (20) and synthesized as a single polypeptide of pro-sucrase-isomaltase (21), the alteration of sucrase to isomaltase activity ratio suggested that sucrase isomaltase was posttranslationally modified by the dietary manipulation. Degrada tion of sucrase-isomaltase was suggested to occur first on the sucrase subunit in the intestinal microvillar membranes (22, 23) . Therefore, it seems most likely that degradation of sucrase-isomaltase was enhanced in the rats fed the high-fat diet. We have previously shown that feeding diets containing long-chain triglycerides, but not medium-chain triglycerides (MCT), causes reduction of jejunal sucrase activity (5). This phenomenon may relate to the increase of bile acid production induced by high-fat diets (24) .
Effects of high-starch and high fat diets on the structure of villus cells and microvilli To explore whether the modification of the activities of microvillar di saccharidases was accompanied by a change in the structure of microvilli of villus cells, we have determined the morphological parameters of jejunal epithelial cells of mid-villus by scanning electron microscopy. As shown in indicating that the dietary manipulation of isoenergic diet did not change the structure of the body of villus cells. Together with the measurement of villus height (Table 1 ), these results suggest that feeding high-fat diet produced an increase in the number of villus cells per each villus, i.e., hyperplasia occurred. The number of microvilli per unit surface area of villus cells was unchanged by the diets (Table 3) . However, scanning electron microscopic examinations of microvillus structure revealed that the animals fed the high-fat diet exhibited a reduced (by 28%, p< 0.02) length of microvilli with a slight but significant increase (by 12%, p<0.02) in diameter as compared with those fed high-starch diet (Fig. 2, Table 3 ). The values of morphometrical parameters of microvilli determined in the present study were comparable to those reported previously in the jejunum of rats fed a standard laboratory diet (7, 25) . When the luminal surface area of each microvillus was 
